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DIALOG (R) File 155 : MEDLINE (R) 

11334330 21214790 PMID : 11313820 

Adenovirus -mediated apo (a) -antisense -RNA expression 
efficiently inhibits apo (a) synthesis in vitro and in vivo. 
Frank S; Gauster M; Strauss J; Hrzenjak A; Kostner GM 

Institute of Medical Biochemistry and Medical Molecular Biology, 
Karl-Franzens -University Graz, Harrachgasse 21, 3rd Floor, 8010 Graz, 
Austria . 

Gene therapy (England) Mar 2001, 8 (6) p425-30, ISSN 0969-7128 
Journal Code: CCE / / 

Languages: ENGLISH HO^ l^MMlOA^ 

Document type: Journal Article 
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Apo (a ) is a very atherogenic plasma protein without apparent 
function, which is highly expressed in humans. The variation in plasma 
Lp(a) concentration among individuals is considerable. Approximately 10-15% 
of the white population exhibit plasma Lp(a) concentrations above the 
atherogenic cut-off value of approximately 30 mg/dl . Since there is 
currently no safe way of treating those patients with drugs, we have tested 
the possibility of interfering with apo (a) biosynthesis by 
adenovirus -mediated expression of antisense apo (a) mRNA 

comprising the 5' UTR, the signal sequence and the first three kringles of 
native apo (a ). Transduction of rat hepatoma McA RH 7777 cells 
which stably expressed apo (a) with 18 kringle IV (KIV) domains 
with apo (a) -antisense adenovirus (AS-Ad) at multiplicity 
of infection (MOI) of 30 reduced apo (a) synthesis to 23% as 
compared with control cells. As apo (a) is not synthesized in 
laboratory animals, we induced biosynthesis of the N- terminal fragments of 
apo (a ) in mice by adenovirus -mediated gene transfer. 
Cotransduction of these mice with AS-Ad, which expressed up to eight times 
higher amounts of apo (a) than stable transgenic apo ( 



a) mice, led to an almost complete disappearance of apo(a 

) from plasma. We conclude that the proposed AS-construct is very efficient 
in interfering with apo(a) biosynthesis in vivo. The strategy 
of inducing the synthesis of a nonexpressed protein followed by knocking it 
out by AS technology may also be applicable to other systems. 
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DIALOG (R) File 155 : MEDLINE (R) 

10755310 99016008 PMID : 9799211 

Novel therapeutic strategy for atherosclerosis: ribozyme 
oligonucleotides against apolipoprotein (a) selectively inhibit 

apolipoprotein (a) but not plasminogen gene expression. 

Morishita R; Yamada S; Yamamoto K; Tomita N; Kida I; Sakurabayashi I; 
Kikuchi A; Kaneda Y; Lawn R; Higaki J; Ogihara T 

Department of Geriatric Medicine, Osaka University Medical School Osaka, 
Japan . 

Circulation (UNITED STATES) Nov 3 1998, 98 (18) pl898-904, ISSN 
0009-7322 Journal Code: DAW 
Languages : ENGLISH 
Document type: Journal Article 
Record type : Completed 

BACKGROUND: Because mechanisms of atherosclerosis by lipoprotein (a) 
[Lp(a>] have been postulated in the decrease in active transforming growth 
factor-beta conversion by decreased plasmin, selective decrease in 
apolipoprotein (a) [apo(a)] independent of plasminogen may have 
therapeutic values. Although antisense can decrease apo(a 

) , its application may be difficult because of very high homology of 
apo(a) gene to plasminogen. Thus we used ribozyme 

strategy that actively cleaves targeted genes to selectively inhibit 
apo(a) expression. METHODS AND RESULTS: We constructed 
ribozyme oligonucleotides containing phosphorothioate DNA- and 
RNA-targeted kringle 4 of the apo(a ) gene that showed 80% 
homology to plasminogen. Transfection of human apo(a) gene 
produced Lp(a) in medium of HepG2 cells, whereas Lp (a) could not be 
detected in control cells. Cotransf ection of ribozyme and apo ( 
a) gene resulted in the decrease in mRNA of apo (a) but 

not plasminogen. Moreover, marked decrease in Lp(a) was also observed in 

the medium transfected with ribozyme and apo (a) gene 

compared with apo (a) gene alone (P<0.01), whereas there was no 

significant change in plasminogen level between ribozyme -transf ected 

and control cells. Incubation of human vascular smooth muscle cells (VSMC) 

with conditioned medium from apo (a) -transf ected HepG2 cells 

resulted in a significant increase in VSMC number, whereas addition of 

conditioned medium from cells cotransf ected with ribozyme 

oligonucleotides and apo (a ) gene resulted in no VSMC growth 
(P<0.01). DNA-based control oligonucleotides and mismatched ribozyme 
oligonucleotides did not have an inhibitory effect on Lp(a) production. 
CONCLUSIONS: Overall, our data revealed that transfection of ribozyme 

against the apo (a) gene resulted in the selective inhibition 
of the apo (a ) but not the plasminogen gene, providing novel 
therapeutic strategy for treatment of high Lp(a), a risk factor for 
atherosclerosis . 
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CC chemokine 1-309 is the principal monocyte chemoattractant induced by 
apolipoprotein (a) in human vascular endothelial cells. 

Haque NS; Zhang X; French DL; Li J; Poon M; Fallon JT; Gabel BR; Taubman 
MB; Koschinsky M; Harpel PC 



of Medicine, Mount Sinai School of 
(7) p786-92, ISSN 



2000, 102 



a risk factor for atherosclerosis; 
We previously reported that Lp(a) 



Division of Hematology, Department 
Medicine, New York, NY 10029, USA. 

Circulation (UNITED STATES) Aug 15 
0009-7322 Journal Code: DAW 

Contract/Grant No.: HL54469, HL, NHLBI 

Language s : ENGL I SH 

Document type: Journal Article 
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BACKGROUND: Lipoprotein (a) [Lp(a) ] is 
however, the mechanisms are unclear, 
stimulated human vascular endothelial cells to produce monocyte chemotactic 
activity. The apolipoprotein (a) [apo(a)] portion of Lp (a) was 
the active moiety. METHODS AND RESULTS: We now describe the identification 
of the chemotactic activity as being due to the CC chemokine 1-309. The 
carboxy- terminal domain of apo(a) containing 6 type-4 kringles 
(types 5 to 10) , kringle V, and the protease domain was demonstrated to 
contain the I -3 0 9- inducing portion. Polyclonal and monoclonal anti-I-309 
antibodies as well as an antibody against a portion of the extracellular 
domain of CCR8 , the 1-309 receptor, inhibited the increase in monocyte 

induced by apo(a). 1-309 antisense 

inhibited the induction of endothelial monocyte 
by apo(a) . 1-3 09 mRNA was identified in 
endothelial cells. Apo(a ) induced an 
1-309 protein in the endothelial cytoplasm and in the 
medium. Immunohistochemical studies have identified 1-309 in 
macrophages, and extracellular areas of human atherosclerotic 
have found that 1-309 colocalized with apo(a). 
These data establish that 1-309 is responsible for the 
monocyte chemotactic activity induced in human umbilical vein endothelial 
cells by Lp(a). The identification of the endothelial cell as a source for 
1-309 suggests that this chemokine may participate in vessel wall biology. 
Our data also suggest that 1-309 may play a role in mediating the effects 
of Lp (a) in atherosclerosis. 
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10417537 20000485 PMID : 10532685 

Secretion of prebeta HDL increases with the suppression of cholesteryl 
ester transfer protein in Hep G2 cells. 

Sawada S; Sugano M; Makino N; Okamoto H; Tsuchida K 

Department of Bioclimatology and Medicine, Medical Institute of 
Bioregulation, Kyushu University, Beppu, Oita, Japan. 

Atherosclerosis (IRELAND) Oct 1999, 146 (2) p291-8, ISSN 0021-9150 
Journal Code: 95X 

Languages : ENGLISH 

Document type: Journal Article 
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Prebeta HDL are small, protein rich lipoproteins that are predominantly 
composed of apo A-I, without apo A-II. Prebeta HDL 

are secreted from the liver as nascent HDL and/or are produced in the 
incubated plasma by cholesteryl ester transfer protein (CETP) . However, the 
role of CETP in the secretion of HDL from the liver has yet to be 
determined. In the present study, we examined the effect of the suppression 
of hepatic CETP by antisense oligodeoxynucleotides (ODNs) against 
CETP targeted to the liver on the secretion of apo A-I using a 
Hep G2 cell culture. The ODNs against CETP were coupled to 
asialoglycoprotein (ASOR) carrier molecules, which serve as an important 
method for the regulation of liver gene expression. Hep G2 cells were 
cultured in DMEM supplemented with 10 FBS . After 2 days, the medium was 
changed to DMEM with EGF and the cells were divided into three groups. The 
control group received saline, while the sense group was mixed with the 
sense ODNs complex and the antisense group was mixed with the 



antisense ODNs complex, respectively, for 2 days. Both the hepatic 
CETP mRNA and the CETP mass in the medium in the antisense group 
decreased significantly more than in the sense and the control groups (CETP 
mass: 1.697 + /- 0.410 ng/mg cell protein vs. 2.367 + /- 0.22 and 2.360 + 
/- 0.139, n = 3 in each determination). In contrast, both the hepatic 
apo A- I mRNA and the apo A- I mass in the medium in 

the antisense group were significantly higher than those in the sense 

and the control groups (apo A-I mass; 1.877 + /- 0.215 micro/mg 

cell protein vs. 1.213 + /- 0.282 and 1.097 + /- 0.144, n = 3 in each 

determination) . The increase in apo A-I was mainly due to the 

increase in prebeta apo A-I. These findings may partly explain 

why HDL and apo A-I increase in patients with CETP deficiency, 

while also indicating the possibility that the original level of prebeta 

HDL is sufficient in such patients. 
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An RNAse protection assay is described that increases substantially the 
degree of precision with which one can measure the mRNA levels in cells and 
tissues through the use of the internal standard. The assay can be used to 
measure any mRNA for which the corresponding cDNA is available. We describe 
here the use of the assay to measure the apolipoprotein (apo) -A 
-I, apo-B, and apo-E mRNA levels in tissues from the cynomolgus monkey. 
cDNA fragments derived from each mRNA were subcloned into pGEM-9Zf(~), a 
vector containing a polylinker that is flanked by the SP6 and T7 RNA 
polymerase promoters. That series of plasmids, called RNA quantitation 
vectors (pRQV-AI, B, or E) , permitted the synthesis of a sense RNA strand 
and an antisense RNA strand for the gene of interest. The sense stand 
was used as the internal standard and added to the RNA to be analyzed just 
prior to initiation of the assay. The radiolabeled antisense strand 
served as the probe. By including some nucleotides derived from the vector, 
we were able to design both the internal standard and the probe such that, 
after solution hybridization and RNAse digestion, the size of the protected 
internal standard -probe fragments was different from that of the authentic 
mRNA-probe fragments. Those fragments were then separated by gel 
electrophoresis, and the radioactivity in the authentic mRNA band was 
compared to that in the internal standard band. The mass of the authentic 
mRNA could then be calculated from the ratio of the radioactivity in each 
band and the mass of the internal standard. 
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Using a sensitive real time fluorescent PCR assay, ABCA1 mRNA levels were 
induced by approximately 50 -70 -fold following 8Br-cAMP treatment of the 
RAW264 murine macrophage cell line, concomitant with the induction of 
cholesterol efflux to apoAI and HDL. A stably transfected ABCA1 
antisense cDNA cell line was created, which led to approximately 
50-70% reductions in ABCA1 mRNA levels in basal and 8Br-cAMP-treated cells, 
and diminished to the same extent the 8Br-cAMP-mediated efflux of 
cholesterol to apolipoprotein AI and HDL. These data demonstrate that 
ABCA1 is necessary for the cAMP- induced lipid efflux to both apoAI 
and HDL. 
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This research was undertaken to identify the cell surface receptor 
responsible for mediating apolipoprotein E (apoE) inhibition of 
platelet-derived growth factor (PDGF) -directed smooth muscle cell 
migration. Initial studies revealed the expression of the low density 
lipoprotein receptor (LDLR) , the LDL receptor-related protein (LRP) , 
the very low density lipoprotein receptor (VLDL) , and apoE 
receptor-2 in mouse aortic smooth muscle cells. Smooth muscle cells 
isolated from LDLR-null, VLDL -null, and apoE receptor-2 -null mice 
were responsive to apoE inhibition of PDGF-directed smooth muscle 
cell migration, suggesting that these receptors were not involved. An 
antisense RNA expression knockdown strategy, utilizing morpholino 
antisense RNA against LRP, was used to reduce LRP expression in 
smooth muscle cells to assess the role of this receptor in apoE 
inhibition of cell migration. Results showed that apoE was unable to 
inhibit PDGF-directed migration of LRP-def icient smooth muscle cells. The 
role of LRP in mediating apoE inhibition of PDGF-directed smooth 
muscle cell migration was confirmed by experiments showing that antibodies 



against LRP effectively suppressed apoE inhibition of PDGF-directed 
smooth muscle cell migration. Taken together, these results document that 
apoE binding to LRP is required for its inhibition of PDGF-directed 
smooth muscle cell migration. 
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Apolipoprotein AI and HDL (3) inhibit spreading of primary human 
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The objective of the current study was to characterize the influence of 
high density lipoproteins (HDL) on processes related to the vascular 
recruitment of human monocytes, which may contribute to the 
ant i -atherogenic properties of these lipoproteins . We show that 
HDL (3) and apo AI inhibit the following processes in primary human 
monocytes: (1) M-CSF induced cell spreading; (2) M-CSF stimulated 
expression of surface molecules involved in adhesion, migration, and 
scavenging; (3) f MLP induced chemotaxis. These processes are obviously 
modulated by the regulation of cellular cholesterol pools as indicated by 
the following findings. In Tangier monocytes with defective apo AI 
induced cholesterol efflux, apo AI had no influence on the spreading 
response. In control cells, stimulation of cholesterol efflux by 
p-cyclodextrin mimicked the effect of apo AI and HDL (3) on spreading 
and chemotaxis, whereas cholesterol loading with enzymatically modified LDL 
(E-LDL) showed the opposite effect. Finally, a similar inverse regulation 
by E-LDL and apo AI/HDL(3) was also observed in regard to the surface 
expression of beta(l)- and beta (2) -integrins as well as the 
hemoglobin/haptoglobin scavenger receptor CD163 and the Fcgamma- IIIaR CD16 . 
CDC42 was identified as a potential downstream target linking changes in 
cellular cholesterol content to monocyte spreading and chemotaxis. Thus, 
CDC42 antisense markedly reduced spreading and, in parallel with 
their influence on monocyte spreading, HDL (3), apo AI and 
p-cyclodextrin down-regulated CDC42 expression while E-LDL had the inverse 
effect. The apo AI induced decrease of CDC42 protein expression was 
paralleled by the reduction of active GTP-bound CDC42. In summary, we 
provide evidence that HDL (3) and apo AI are able to inhibit processes 
in primary human monocytes, which are related to the recruitment of 
monocytes into the vessel wall and probably involve regulation of cellular 
cholesterol pools and CDC42 function. 
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The concept that selective transfer of high density lipoprotein 
(HDL) -derived cholesteryl esters (CE) does not require lipoprotein 
internalization has been challenged recently by evidence that implicates 
HDL recycling during the selective uptake process. This has prompted us to 
examine the role of the low density lipoprotein receptor-related 
protein (LRP) in selective uptake. LRP is an endocytic receptor for 
lipoprotein lipase (LpL) and apolipoprotein E (apoE) 

ligands that are able to mediate selective uptake. We report that molecules 
that interfere with ligand binding to LRP, such as the receptor-associated 
protein (RAP), suramin, alpha (2 ) -macroglobulin, or lactoferrin, inhibit 
HDL-CE selective uptake by human primary adipocytes and SW872 liposarcoma 
cells by 35-50%. This partial inhibition of selective uptake from total HDL 
was not due to preferential inhibition of the HDL (2) or HDL (3) 
subf ractions . Selective uptake by the scavenger receptor BI was not 
inhibited by RAP, excluding its involvement. Furthermore, in SW872 cells in 
which LRP was reduced to 14% of control levels by stable antisense 
expression, selective uptake was attenuated by at least 33%, confirming a 
role for LRP in this process. RAP, alpha (2 ) -macroglobulin, lactoferrin, and 
suramin (individually or in paired combinations) also attenuated selective 
uptake of HDL-CE by primary human adipocytes by about 40%. On the other 
hand, human skin fibroblasts express LRP abundantly but lack the capacity 
for selective uptake, demonstrating that other molecules are required. In 
SW872 cells, exogenous apoE or LpL can facilitate selective uptake 
but only the apoE -enhanced uptake can be inhibited by RAP, 
implicating apoE as a likely co-mediator. We discuss the possible 
mechanisms by which the endocytic receptor, LRP, can mediate selective 
uptake . 
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Estrogen increases hepatic lipase levels in inbred strains of mice: a 
possible mechanism for estrogen-dependent lowering of high density 
lipoprotein. 

Srivastava N; Chowdhury P R; Averna M; Srivastava R A 

Department of Internal Medicine, Washington University, St. Louis, MO, 
USA. 

Molecular and cellular biochemistry (Netherlands) Apr 2001, 220 (1-2) 

p87-93, ISSN 0300-8177 Journal Code: 0364456 

Language s : ENGL I SH 

Document type: Journal Article 

Record type : Completed 

We have shown mouse to be an useful animal model for studies on the 
estrogen-mediated synthesis and secretion of lipoproteins since, 
unlike in rats, low density lipoprotein receptors are not upregulated 
in mice. This results into the elevation of plasma levels of 
apolipoprotein (apo) B and apoE, and lowering of 
apoA-1- containing particles. The mechanisms of apoB and 
apoE elevation by estrogen have been elucidated, but the mechanism of 
lowering of plasma levels of HDL is still not known. Among other factors, 
apoA-I, cholesterol ester transfer protein (CETP) , scavenger receptor 
Bl (SR-B1) , and hepatic lipase are potential candidates that modulate 
plasma levels of HDL. Since estrogen treatment increased hepatic apoA 
-I mRNA and apoA-I synthesis, and mouse express undetectable levels 
of CETP, we tested the hypothesis that estradiol-mediated lowering of HDL 
in mice may occur through modulation of hepatic lipase (HL) . Four mouse 
strains (C57L, C57BL, BALB, C3H) were administered supraphysiological doses 
of estradiol, and plasma levels of HDL as well as HL mRNA were quantitated. 
In all 4 strains estradiol decreased plasma levels of HDL by 30%, and 



increased HL mRNA 2-3 fold. In a separate experiment groups of male C57BL 
mouse were castrated or sham-operated, and low and high doses of estradiol 
administered. We found 1.4-2.5 fold elevation of HL mRNA with concomitant 
lowering of HDL levels. Ten other mouse strains examined also showed 
estradiol -induced elevation of HL mRNA, but the extent of elevation was 
found to be strain-specific. Based on these studies, we conclude that 
hepatic lipase is an important determinant of plasma levels of HDL and that 
HL mRNA is modulated by estrogen which in turn may participate in the 
lowering of plasma levels of HDL. 
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In humans, overproduction of apolipoprotein B (apoB) is 
positively associated with premature coronary artery diseases. To reduce 
the levels of apoB mRNA, we used adenovirus -mediated vector to target 
hammerhead ribozyme at GUA(667 9) downward arrow of apoB mRNA 
(designated AvRB15) in the liver of a dyslipidemic mouse model that is 
deficient in apoB mRNA editing enzyme and overexpresses human 
apoBlOO . In this study, we delivered approximately 4 x 10(11) virus 
particles of AvRBIS (active ribozyme) or AvRBIS -mutant (inactive 
ribozyme ) to the animals. Using Southern blot analysis, we readily 
detected RB15 DNA in the mouse liver as long as day 35 after injection. 
This result was correlated with the RNA expression of RB15 by RNase 
protection assay. Using reverse ligation-mediated polymerase chain 
reaction, the 3' cleavage product of apoB mRNA was detected, and the 
exact cleavage site was confirmed by sequencing. Importantly, the levels of 
human and mouse apoB mRNA decreased approximately 8 0% after AvRBIS 
transduction. There was a marked decrease in plasma cholesterol, 
triglyceride, and human apoB of 42, 51, and 62%, respectively, when 
compared with the inactive ribozyme- treated group. Moreover, 
ribozyme cleavage of apoB mRNA generated a truncated protein of 
the expected size (apoB48.1), which was associated with 
lipoprotein particles in the very low density, low density, and high 
density lipoprotein fractions. Taken together, these results indicate 
that apoB mRNA-specif ic hammerhead ribozyme can be used as a 
potential therapeutic agent to modulate apoB gene expression and to 
treat hyperlipidemia. 
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BACKGROUND: Oxidized low-density lipoprotein (OxLDL) exerts 
proliferation and apoptosis in vascular cells, depending on its 
concentration and the exposure time. Various steps in the cell cycle and in 
the apoptotic signaling cascade are modulated by 02-, and OxLDL 
stimulates vascular 02- formation. Here we studied the role of NADPH 
oxidase, a potential source for 02- formation after OxLDL stimulation, in 
cell proliferation, and we investigated whether OxLDL influences anti- 
apoptotic genes in cultured human umbilical vein endothelial cells 

(HUVEC) . Methods and Results. OxLDL dose-dependently (10 to 300 microg/mL) 
stimulated 02- formation in HUVEC (detected by cytochrome c assay and by 
chemiluminescence of lucigenin) . Low OxLDL concentrations (5 to 10 
microg/mL) induced proliferation (detected by 3H-thymidine incorporation) , 
while higher concentrations (50 to 300 microg/mL) induced apoptotic 
cell death (detected by Annexin assay and DNA fragmentation) . Proliferation 
was blocked by the antioxidants SOD and catalase and by diphenyleneiodonium 

(10 micromol/L) , an inhibitor of the 02- generating NADPH oxidase. In 
addition, cells transfected with antisense oligonucleotides for NADPH 
oxidase showed a significantly reduced 02- formation after stimulation with 
OxLDL. The OxLDL effect on apoptosis was also blocked by 
antioxidants. Since endothelial cells are protected against apoptosis 
through anti -apoptotic genes, we investigated whether OxLDL 
overcomes protection against apoptosis through suppression of the 
anti -apoptotic gene A2 0, a zinc- finger protein. OxLDL suppressed the 
expression of A2 0 in a dose -dependent manner. CONCLUSION: These data 
indicate that OxLDL has a dual effect on cell cycle in HUVEC, inducing 
proliferation at low and apoptosis at higher concentrations. Both 
effects are mediated by 02- formation, with NADPH oxidase being a major 
source for 02-. Thus, OxLDL contributes importantly to vascular cellular 
turnover through the induction of oxidative stress. 
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Atherosclerosis is a chronic inflammatory disease associated with 
enhanced apoptotic cell death in vascular cells, partly induced by 
oxidized low-density lipoprotein (OxLDL) . However, proinflammatory 
stimuli such as lipopolysaccharide (LPS) or tumor necrosis factor-alpha 
(TNF-alpha) activate endothelial cells (EC) and inhibit apoptosis 
through induction of nuclear factor kappaB (NF-kappaB) -dependent genes. 
This study therefore investigated whether OxLDL or its component, 
lysophosphatidylcholine (LPC) , interacts with the effect of LPS or 
TNF-alpha on cell survival. Human EC were incubated with LPS, TNF-alpha, 
OxLDL, or LPC alone or in combinations. OxLDL (100 to 200 microg/ml) and 
LPC (100 to 3 00 microM) induced apoptosis dose-dependently. LPS and 
TNF-alpha had no effect on cell survival in the presence or absence of 
OxLDL or LPC. LPS and TNF-alpha both induced the antiapoptotic gene A2 0, 
whereas OxLDL and LPC suppressed its induction. Expression of A20 is 



regulated by NF-kappaB. OxLDL and LPC dose-dependently suppressed NF-kappaB 

activity. For functional analysis, bovine EC were transfected with A20 

encoding expression constructs in sense and antisense orientation. 

Bovine EC that overexpressed A20 were protected against OxLDL-induced 

apoptosis, whereas expression of antisense A2 0 rendered cells 

more sensitive to OxLDL. These results suggest that OxLDL not only induces 

cell death, as has been shown before, but also compromises antiapoptotic 

protection of activated EC. OxLDL sensitizes EC to apoptotic triggers 

by interfering with the induction of A20 during the inflammatory response 

seen in atherosclerotic lesions. This inhibition is based on repression of 

NF-kappaB activation. The effect may be caused by the OxLDL component LPC. 
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High density lipoprotein (HDL) is assembled by interaction of 
apolipoprotein A- I with human monocytic leukemia cell line THP-1 by 
removing cellular cholesterol and phospholipid. Although the HDL formed 
with undifferentiated THP-1 cells contained only phosphatidylcholine and 
almost no cholesterol, the cells differentiated with phorbol 12-myristate 
13 -acetate (PMA) generated HDL enriched in cholesterol. The extent of 
cholesterol enrichment related to the cellular cholesterol level in the 
differentiated cells, but only weakly in the undifferentiated cells. In 
contrast, the differentiation had no influence on the diffusion-mediated 
cellular cholesterol efflux. The undifferentiated cells expressed the 
messages of ATP-binding cassette transporter 1 and caveolin-1 , at low 
levels , and the PMA- induced differentiation resulted in substantial 
expression of both messages. Caveolin-1 protein expression was also highly 
induced by the PMA treatment of THP-1 cells. When the cells were treated 
with the antisense DNA of caveolin-1 and differentiated, both 
caveolin-1 synthesis and cholesterol incorporation into the HDL were 
reduced in parallel to generate the cholesterol -poor HDL. We concluded that 
caveolin-1 is involved in enrichment with cholesterol of the HDL generated 
by the apolipoprotein-cell interaction. This function is independent 
of the assembly of HDL particles with cellular phospholipid and of 
nonspecific, diffusion-mediated efflux of cellular cholesterol. 
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The epsilon4 genotype of apolipoprotein E (apoE4) is the most 
established predisposing factor in Alzheimer ■ s disease (AD); however, it 
remains unclear how apoE4 contributes to the pathophysiology. Here, 
we report that the apoE4 protein (ApoE4) evokes apoptosis 

in neuronal cells through the low-density lipoprotein 
receptor-related protein (LRP) and heterotrimeric GTPases . We examined 
neuron/neuroblastoma hybrid Fll cells and found that these cells were 
killed by 30 microg/ml ApoE4 , but not by 30 microg/ml ApoE3 . 
ApoE4- induced death occurred with typical features for 
apoptosis in time- and dose -dependent manners, and was observed in 
SH-SY5Y neuroblastomas, but not in glioblastomas or non-neuronal Chinese 
hamster ovary cells. Activated, but not native, alpha2 -macroglobulin 
suppressed this ApoE4 toxicity. Suppression by the antisense 
oligonucleotide to LRP and inhibition by low nanomolar concentrations of 
LRP-associated protein RAP provided evidence for the involvement of LRP. 
The involvement of heterotrimeric GTPases was demonstrated by the findings 
that (1) ApoE4 -induced death was suppressed by pertussis toxin (PTX) , 
but not by heat- inactivated PTX; and (2) transfection with PTX-resistant 
mutant cDNAs of Galpha(i) restored the toxicity of ApoE4 restricted 
by PTX. We thus conclude that one of the neurotoxic mechanisms triggered by 
ApoE4 is to activate a cell type-specific apoptogenic program 
involving LRP and the G(i) class of GTPases and that the apoE4 gene 
may play a direct role in the pathogenesis of AD and other forms of 
dementia . 
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To determine the importance of hepatic apolipoprotein (apo) E 
in lipoprotein metabolism, HepG2 cells were transfected with a 
constitutive expression vector (pRc/CMV) containing either the complete or 
the first 474 base pairs of the human apoE cDNA inserted in an 
antisense orientation, for apoE gene inactivation, or the 
full-length human apoE cDNA inserted in a sense orientation for 
overexpression of apoE . Stable transf ormants were obtained that 
expressed 15, 24, 226, and 287% the apoE level of control HepG2 
cells. The metabolism of low-density lipoprotein (LDL) and 
high-density lipoprotein-3 ( HDL ( 3 ) ) , two lipoprotein classes 
following both holoparticle and cholesteryl esters (CE) -selective uptake 
pathways, was compared between all these cells. LDL-protein degradation, an 
indicator of the holoparticle uptake, was greater in low apoE 
expressing cells than in control or high expressing cells, while 
HDL (3) -protein degradation paralleled the apoE levels of the cells 
(r(2) = 0.989). LDL- and HDL ( 3 ) -protein association was higher in low 
apoE expressing cells compared to control cells. In opposition, LDL- 
and HDL(3)-CE association was not different from control cells in low 
apoE expressing cells but rose in high apoE expressing cells. 
In consequence, the CE-selective uptake (CE/protein association ratio) was 
positively correlated with the level of apoE expression in all cells 



for both LDL (r(2) = 0.977) and HDL ( 3 ) (r<2) = 0.998). We also show that, 
although in normal and low apoE expressor cells, 92% of LDL- and 80% 
HDL(3)-CE hydrolysis is sensitive to chloroquine suggesting a pathway 
linked to lysosomes for both lipoproteins, cells overexpressing 
apoE lost 60% of chloroquine-sensitive HDL(3)-CE hydrolysis without 
affecting that of LDL-CE . Thus, the level of apoE expression in HepG2 
cells determines the fate of LDL and HDL (3). 
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Cotransf ection of HepG2 cells with SMADs established that SMAD3 and 
SMAD3 -SMAD4 transactivated (15-70-fold) the -890/+24 apoCIII promoter 
and shorter promoter segments, whereas cotransf ection with a dominant 
negative SMAD4 mutant repressed the apoCIII promoter activity by 50%, 
suggesting that SMAD proteins participate in apoCIII gene regulation. 
Transactivation required the presence of a hormone response element, 
despite the fact that SMADs could not bind directly to it. Cotransf ection 
of SMAD3-SMAD4 along with hepatocyte nuclear factor-4 resulted in a strong 
synergistic transactivation of the -890/+24 apoCIII promoter, 
proximal promoter segments, or synthetic promoters containing either the 
apoCIII enhancer or the proximal apoCIII hormone response 
element. Inhibition of endogenous hepatocyte nuclear factor-4 synthesis by 
an antisense ribozyme construct reduced the constitutive 
activity of the apoCIII promoter in HepG2 cells to 10% and abolished 
the SMAD-mediated transactivation. Co-immunoprecipitation and GST pull -down 
assays provided evidence for physical interactions between SMAD 3 , SMAD4 , 
and hepatic nuclear factor-4 . Our findings indicate that transforming 
growth factor beta and its signal transducer SMAD proteins can modulate 
gene transcription by novel mechanisms that involve their physical and 
functional interaction with hepatocyte nuclear factor-4, suggesting that 
SMAD proteins may play an important role in apolipoprotein gene 
expression and lipoprotein metabolism. 
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Since an apolipoprotein E4 (ApoE4) peptide composed of the 
low-density lipoprotein (LDL) receptor-related protein (LRP) -binding 
domain [ApoE4 (141-149) (2) or ApoE ( 141- 155 ) (2 ) ] exerts 
neurotoxicity in primary neurons and neuronal cell lines, it has been 
controversial whether these effects are mediated by LRP. Here, we examined 
whether ApoE4 (141-149) (2) -induced toxicity is mediated by LRP in a 
neuronal cell system where ApoE4 toxicity is mediated by LRP: 
serum-deprived Fll neuronal cells. In these cells, where ApoE4 
exerted toxicity by apoptosis in a manner sensitive to both caspase 
inhibitors and pertussis toxin (PTX) , ApoE4 (141-149) (2) also caused 
cell death by apoptosis but in a caspase-inhibitor-resistant , 
PTX-resistant manner. ApoE4 (141- 149) (2 )- induced death was not 
inhibited by antisense oligonucleotides to LRP. Therefore, we 
conclude that ApoE4 (141-149) (2) is able to exert neurotoxicity 
without involving LRP . Copyright 2000 Academic Press. 
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Treatment of human artery wall cells with apolipoprotein A- I ( 
apoA-I), but not apoA-II, with an apoA-I peptide mimetic, 
or with high density lipoprotein (HDL) , or paraoxonase, rendered the 
cells unable to oxidize low density lipoprotein (LDL) . Human aortic 
wall cells were found to contain 12 -lipoxygenase (12-LO) protein. 
Transfection of the cells with antisense to 12-LO (but not sense) 
eliminated the 12-LO protein and prevented LDL- induced monocyte chemotactic 
activity. Addition of 13 (S) -hydroperoxyoctadecadienoic acid [13 (S) -HPODE] 
and 15 (S) -hydroperoxyeicosatetraenoic acid [15 (S) -HPETE] dramatically 
enhanced the nonenzymatic oxidation of both l-palmitoyl-2 -arachidonoyl-sn-g 
lycero-3-phosphocholine (PAPC) and cholesteryl linoleate. On a molar basis 
13 (S) -HPODE and 15 (S) -HPETE were approximately two orders of magnitude 
greater in potency than hydrogen peroxide in causing the formation of 
biologically active oxidized phospholipids (m/z 594, 610, and 828) from 
PAPC. Purified paraoxonase inhibited the biologic activity of these 
oxidized phospholipids. HDL from 10 of 10 normolipidemic patients with 
coronary artery disease, who were neither diabetic nor receiving 
hypolipidemic medications, failed to inhibit LDL oxidation by artery wall 
cells and failed to inhibit the biologic activity of oxidized PAPC, whereas 
HDL from 10 of 10 age- and sex-matched control subjects did. We conclude 
that a) mildly oxidized LDL is formed in three steps, one of which involves 
12-LO and each of which can be inhibited by normal HDL, and b) HDL from at 
least some coronary artery disease patients with normal blood lipid levels 
is defective both in its ability to prevent LDL oxidation by artery wall 
cells and in its ability to inhibit the biologic activity of oxidized PAPC. 
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Oxidized low-density lipoprotein (OxLDL) exerts proliferation and 
apoptosis in vascular cells, depending on its concentration and the 
duration of exposure. Recent studies indicate that [0(2)] (-) is involved in 
cell cycle regulation and that OxLDL stimulates endothelial cells to 
produce [0(2)] (-) . This study examined the role of nicotinamide adenine 
dinucleotide phosphate ' (NADPH) oxidase as a potential source for [0(2)] (-) 
in the proliferation-inducing activity of OxLDL in cultured human umbilical 
vein endothelial cells (HUVEC) . Human LDL was oxidized by Cu(++), and 
proliferation of HUVEC was detected by 3H- thymidine incorporation. OxLDL (5 
microg/ml) caused an increase in proliferation of HUVEC of 250 to 300%. 
OxLDL-induced proliferation was blocked by addition of the antioxidants 
superoxide dismutase and catalase, suggesting that enhanced [0(2)] (-) 
formation was involved. Diphenylene iodonium (DPI, 1 microM) , an inhibitor 
of NADPH oxidase, also prevented OxLDL-induced proliferation of HUVEC, 
indicating that NADPH oxidase was the source for enhanced [0(2)] (-) 
formation. The OxLDL effect was mimicked by lysophosphatidylcholine (LPC, 
10 microM) , a compound formed during oxidation of LDL. LPC- induced 
proliferation was also prevented by coincubation with DPI. Treatment of 
HUVEC with [0(2)] (-) generated by the xanthine/xanthine oxidase reaction 
resulted in proliferation as did treatment with OxLDL. As expected, this 
stimulation could not be blocked by DPI. With the use of the cytochrome 
c-assay, it was demonstrated that OxLDL and LPC enhanced [0(2)] (-) 
formation in HUVEC (by factor 3.2 and by factor 3.5, respectively). 
Supporting the assumption that NADPH oxidase was the enzyme responsible for 
[0(2)] (-) formation, cells transfected with antisense 

oligonucleotides for NADPH oxidase showed a significantly reduced [0(2)] (-) 
formation after stimulation with OxLDL and LPC. OxLDL and its compound LPC 
induce proliferation of HUVEC through activation of NADPH oxidase. The 
active NADPH oxidase generates [0(2)] (-) , which mediates the proliferative 
effects . 
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Cholesteryl ester transfer protein (CETP) is the enzyme that facilitates 
the transfer of cholesteryl ester from high density lipoprotein (HDL) 
to apolipoprotein B (apoB) -containing lipoproteins . 

However, the exact role of CETP in the development of atherosclerosis has 
not been determined. In the present study, we examined the effect of the 



suppression of increased plasma CETP by intravenous injection with 
antisense oligodeoxynucleotides (ODNs) against CETP targeted to the 
liver on the development of atherosclerosis in rabbits fed a cholesterol 
diet. The ODNs against rabbit CETP were coupled to asialoglycoprotein 
(ASOR) carrier molecules, which serve as an important method to regulate 
liver gene expression. Twenty- two male Japanese White rabbits were used in 
the experiment. Eighteen animals were fed a standard rabbit chow 
supplemented with 0.3% cholesterol throughout the experiment for 16 weeks. 
At 8 weeks, they were divided into three groups (six animals in each 
group) , among which the plasma total and HDL cholesterol concentrations did 
not significantly change. The control group received nothing, the sense 
group were injected with the sense ODNs complex, and the antisense 
group were injected with the antisense ODNs complex, respectively, 
for subsequent 8 weeks. ASOR. poly (L-lysine) ODNs complex were injected via 
the ear veins twice a week. Four animals were fed a standard rabbit diet 
for 16 weeks. The total cholesterol concentrations and the CETP mass in the 
animals injected with antisense ODNs were all significantly decreased 
in 12 and 16 weeks compared with those injected with sense ODNs and the 
control animals. The HDL cholesterol concentrations measured by the 
precipitation assay did not significantly change among the groups fed a 
cholesterol diet, and triglyceride concentrations did not significantly 
change in the four groups. However, at the end of the study, when the HDL 
cholesterol concentrations were measured after the isolation by 
ultracentrifugation and a column chromotography, they were significantly 
higher in the animals injected with antisense ODNs than in the 
animals injected with sense ODNs and in the control animals. A reduction of 
CETP mRNA and an increase of LDL receptor mRNA in the liver were observed 
in the animals injected with antisense ODNs compared with those 
injected with sense ODNs and the control animals. Aortic cholesterol 
contents and the aortic percentage lesion to total surface area were 
significantly lower in the animals injected with antisense ODNs than 
in the animals injected with sense ODNs and in the control animals. These 
findings showed for the first time that suppression of increased plasma 
CETP by the injection with antisense ODNs against CETP coupled to 
ASOR carrier molecules targeted to the liver could thus inhibit the 
atherosclerosis possibly by decreasing the plasma LDL + very low density 
lipoprotein (VLDL) cholesterol in cholesterol-fed rabbits. 
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In McA-RH7777 cells, the oleate-stimulated assembly and secretion of very 
low density lipoproteins (VLDL) was associated with enhanced 
deacylation of phospholipids, which was markedly decreased by inactivation 
of the cellular phospholipase A (2) . Treatment of the cells with antagonists 
or antisense oligonucleotide of the Ca (2 + ) - independent phospholipase 
A(2) (iPLA(2)) significantly inhibited secretion of apoBlOO-VLDL and 
triglyceride. Similar inhibitory effect of the iPLA(2) antagonists was 
observed on apoB48-VLDL secretion, but secretion of high density 
lipoprotein particles (such as apoAI- and apoB48-high 



density lipoprotein ) or proteins in general was unaffected. The 
iPLA(2) antagonist did not affect the synthesis of apoBlOO or 
triglyceride, nor did it affect the activities of phospholipase D, 
phosphatidate phosphohydrolase , or microsomal triglyceride transfer 
protein. Inactivation of iPLA(2) resulted in impaired apoBlOO-VLDL 
assembly as shown by decreased apoBlOO-VLDL and triglyceride within 
the microsomal lumen, with concomitant increase in apoBlOO 
association with the microsomal membranes. The inhibitory effect of iPLA(2) 
antagonists on apoBlOO -VLDL assembly/secretion could be abated by 
pretreatment of cells with oleate . Analysis of molecular species of 
microsomal phosphatidylcholine and phosphatidylethanolamine by electron 
spray tandem mass spectrometry revealed that the enrichment of oleoyl 
moieties was altered by the treatment of iPLA(2) antagonist. These results 
suggest that the oleate- induced VLDL assembly/secretion may depend upon the 
establishment of membrane glycerolipids enriched in oleoyl chain, a process 
mediated by the iPLA(2) activity. 
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Cubilin has recently been shown to function as an endocytic receptor for 
high density lipoproteins (HDL) . The lack of apparent transmembrane 
and cytoplasmic domains in cubilin raises questions as to the means by 
which it can mediate endocytosis. Since cubilin has been reported to bind 
the endocytic receptor megalin, we explored the possibility that megalin 
acts in conjunction with cubilin to mediate HDL endocytosis. While megalin 
did not bind to HDL, delipidated HDL, or apoA-I, it was found to 
copurify with cubilin isolated by HDL-Sepharose affinity chromatography. 
Cubilin and megalin exhibited coincident patterns of mRNA expression in 
mouse tissues including the kidney, ileum, thymus, placenta, and yolk sac 
endoderm. The expression of both receptors in yolk sac endoderm-like cells 
was inducible by retinoic acid treatment but not by conditions of sterol 
depletion. Suppression of megalin activity or expression by treatment with 
either megalin antibodies or megalin antisense oligodeoxynucleotides 
resulted in inhibition of cubilin-mediated endocytosis of HDL. Furthermore, 
megalin antisense oligodeoxynucleotide treatment resulted in reduced 
cell surface expression of cubilin. These data demonstrate that megalin 
acts together with cubilin to mediate HDL endocytosis and further suggest 
that megalin may play a role in the intracellular trafficking of cubilin. 
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A specific lectin-like endothelial receptor for oxidized low density 
lipoprotein (LOX-1) , distinct from the scavenger receptor in 
monocytes/macrophages, has been identified and cloned. In this study, we 
examined the regulation of LOX-1 by oxidized low density lipoprotein 

(ox-LDL) and determined the role of LOX-1 in ox-LDL- induced 
apoptosis of cultured human coronary artery endothelial cells 

(HCAECs) . Incubation of HCAECs with ox-LDL (40 microg/mL) , but not native 
LDL, for 24 hours markedly increased LOX-1 expression (mRNA and protein) . 
After 48 hours of preincubation of HCAECs with a specific antisense 

to LOX-1 mRNA (antisense LOX-1) , ox-LDL-mediated upregulation of 
LOX-1 was suppressed (P<0.01). In contrast, treatment of HCAECs with sense 
LOX-1 had no effect. Ox-LDL also induced apoptosis (determined by 
terminal deoxynucleotidyl transferase -mediated dUTP nick end- labeling and 
DNA laddering) of HCAECs in a concentration- and time-dependent fashion. 
LOX-1 played an important role in ox-LDL-mediated apoptosis of HCAECs 
because antisense LOX-1 inhibited this effect of ox-LDL. Polyinosinic 
acid and carrageenan, 2 different chemical inhibitors of LOX-1, also 
decreased ox-LDL-mediated apoptosis of HCAECs. Nuclear factor 

(NF) -kappaB was markedly activated in ox-LDL-treated HCAECs. The critical 
role of NF-kappaB activation became evident in experiments with 
antisense LOX-1, which abolished ox-LDL-mediated NF-kappaB 
activation. In this process, an NF-kappaB inhibitor, caffeic acid phenethyl 
ester, also inhibited ox-LDL-mediated apoptosis of HCAECs. These 
findings indicate that ox-LDL upregulates its own endothelial receptor. 
Ox-LDL -induced apoptosis is mediated by the action of LOX-1. In this 
process, NF-kappaB activation may play an important role as a signal 
transduction mechanism. 
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N,N-Dipalmitylglycyl-apolipoprotein E (129-169) peptide (dpGapoE) 
is an efficient gene delivery system for both plasmids and antisense 
oligodeoxynucleotides (ODNs) . To develop a new and efficient approach to 
the regulation of cholesteryl ester transfer protein (CETP) expression, we 
used dpGapoE to transfect phosphorothioate antisense ODNs against 
nucleotides 329 to 349 of human CETP cDNA into a human CETP-stably 
transfected Chinese hamster ovary (CHO) cell line (hCETP-CHO) . After 
transfection, translocation to the nuclei and concentration in nuclear 
structures were observed in >95% of the cells at 6 and 12 hours by 
fluorescence microscopy. No membrane disruption was observed after 
transfection of ODNs by dpGapoE . Although the translocation stability of 
phosphorothioate ODNs in the nuclei continued for >4 8 hours, it had 
weakened after 24 hours. Cellular CETP mRNA levels gradually declined, and 



the maximum reduction in the mRNA level (>50%) was observed at 36 hours, 
after which the mRNA level started to recover. CETP activity in the culture 
medium declined over 72 hours. The maximum reduction in CETP activity was 
observed at 36 hours (53.8% of control). Neither CETP mRNA nor CETP 
activities changed throughout the experiment after the transfection of 
sense phosphorothioate ODNs delivered by dpGapoE complex or naked 
antisense ODNs. We conclude that (1) the novel synthetic dpGapoE was 
a highly effective and nontoxic vehicle for the nuclear delivery of 
antisense ODNs into hCETP-CHO cells and (2) antisense ODNs 
selectively inhibited both CETP expression and activity in an hCETP-CHO 
cell line. This approach may enable gene regulation in vivo and could 
possibly be used as an antiatherosclerotic agent to alter high density 
lipoprotein metabolism. 
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The binding to HepG2 cells of very low density lipoproteins (VLDL) 
and their remnants (IDL) was alternatively, in the past, attributed to the 
low density lipoprotein receptor (LDLr) or to an apoE-specif ic 
receptor. In order to resolve this issue, we have compared the binding of 
those lipoproteins labelled with iodine-125 to normal and LDLr 
deficient HepG2 cells. Those deficient cells were obtained by a 
constitutive antisense strategy and their LDLr level is 14% the level 
of normal HepG2 cells. By saturation curve analysis, we show that VLDL and 
IDL bind to high and low affinity sites on cells. The low affinity binding 
was eliminated by conducting the assay in presence of a 200 -fold excess of 
HDL 3 respective to the concentrations of 1251 -labelled VLDL and IDL. For 
125I-VLDL high affinity binding to normal HepG2 cells, we found a 
dissociation constant (Kd) of 21.2 +/- 3.7 micrograms prot . /ml (S.E., N = 
5) and a maximal binding capacity (Bmax) of 0.0312 + /- 0.0063 microgram 
prot./mg cell prot, while we have measured a Kd of 5 . 3 +/ - 0 . 8 and a Bmax 
of 0.0081 +/- 0.0014 with LDLr deficient cells. This indicates that LDLr is 
responsible for 74% of VLDL binding to HepG2 cells and that the non-LDLr 
high affinity receptor has a higher affinity for VLDL than LDLr. A 53% loss 
of 125I-IDL binding capacity was measured with LDLr deficient cells 
compared with normal cells (Bmax: 0.028 +/- 0.005 versus 0.059 +/- 0.006), 
while no significant statistical difference was found between affinities. 
The study shows that the LDLr is almost the only contributor in VLDL 
binding, while it shares IDL binding capacity with another high affinity 
receptor. The physiological importance of LDLr is confirmed by an almost 
equivalent loss of IDL and VLDL degradation in LDLr deficient cells. 
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Oxidized low density lipoproteins { oxLDL ) participate in 
atherosclerosis plaque formation, rupture, and subsequent thrombosis. 
Because oxLDL are toxic to cultured cells and Bel -2 protein prevents 
apoptosis , the present work aimed to study whether Bel -2 may 
counterbalance the toxicity of oxLDL. Two experimental model systems were 
used in which Bcl-2 levels were modulated: 1) lymphocytes in which the 
(high) basal level of Bcl-2 was reduced by antisense 
oligonucleotides; 2) HL60 and HL60/B (transduced by Bcl-2) expressing low 
and high Bcl-2 levels, respectively. In cells expressing relatively high 
Bcl-2 levels (lymphocytes and HL60/B) , oxLDL induced mainly primary 
necrosis. In cells expressing low Bcl-2 levels (antisense- treated 
lymphocytes, HL60 and ECV-304 endothelial cells), the rate of oxLDL-induced 
apoptosis was higher than that of primary necrosis. OxLDL evoked a 
sustained calcium rise, which is a common trigger to necrosis and 
apoptosis since both types of cell death were blocked by the calcium 
chelator EGTA. Conversely, a sustained calcium influx elicited by the 
calcium ionophore A23187 induced necrosis in cells expressing high Bcl-2 
levels and apoptosis in cells expressing low Bcl-2 levels. This 
suggests that Bcl-2 acts downstream from the calcium peak and inhibits only 
the apoptotic pathway, not the necrosis pathway, thus explaining the 
apparent shift from oxLDL-induced apoptosis toward necrosis when 
Bcl-2 is overexpressed. 
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Physiological levels of laminar shear stress completely abrogate 
apoptosis of human endothelial cells in response to a variety of 
stimuli and might therefore importantly contribute to endothelial 
integrity. We show here that the apoptosis -suppressive effects of 
shear stress are mediated by upregulation of Cu/Zn SOD and NO synthase. 
Shear stress-mediated inhibition of endothelial cell apoptosis in 
response to exogenous oxygen radicals, oxidized LDL, and tumor necrosis 
factor-alpha was associated with complete inhibition of caspase-3 -like 
activity, the central effector arm executing the apoptotic cell death 
program in endothelial cells. Shear stress -dependent upregulation of Cu/Zn 
SOD and NO synthase blocks activation of the caspase cascade in response to 
apoptosis -inducing stimuli. These findings establish the upregulation 
of Cu/Zn SOD and NO synthase by shear stress as a central protective 
cellular mechanism to preserve the integrity of the endothelium after 
proapoptotic stimulation. 
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Chylomicron remnants transport cholesterol from the intestine, and are 
removed from the circulation principally by the liver. While hepatic 
receptors, including the low density lipoprotein (LDL) receptor 
account for endocytosis, heparan sulfate proteoglycans (HSPG) participate 
in the initial binding of remnants to liver cells. To explore the 
interactions between HSPG and endocytosis of remnants, in the present study 
the expression of HSPG was inhibited in HepG2 cells transfected by a 
synthetic antisense oligodeoxynucleotide SYN5 . Immunof luorescent 
staining by a monoclonal anti-syndecan antibody showed significant 
reduction in the expression of syndecan in SYN5 -treated cells compared with 
control cells. Remnant binding decreased by about 50-70% in 
SYN5 -transfected cells. Monoclonal antibodies to either heparan sulphate or 
the LDL receptor decreased binding by about 60-65%. The glycosylation 
inhibitor beta-nitrophenylxylopyranoside inhibited remnant uptake by 25%, 
whereas 4-nitrophenyl-beta-D-galactopyranoside had no effect on remnant 
binding. Heparinase completely abolished binding at appropriate 
concentrations. Heparitinase was less effective than hep arinase in 
inhibiting remnant binding. Suramin completely abolished the remnant 
binding. Poly-arginine, poly- lysine, and protamine all reduced remnant 
uptake by the cells, as did polybrene, a synthetic polycation, suggesting a 
role of cation-anion interactions in remnant binding. Brefeldin A, 
colchicine, and monensin caused the fluorescence associated with remnants 
to persist within the cells, confirming that blockers of tubulovesicular 
processes and Golgi function inhibit the intracellular transport and 
degradation of the remnants. Our results show that remnant binding to liver 
cells depends on the LDL receptor, on the expression of HSPG core proteins, 
and on the functionality of heparan sulfate in HSPG. 
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Oxidized low density lipoprotein (oxLDL) induces apoptosis in 
human macrophages (Mphi) , a significant feature in atherogenesis . We found 
that induction of apoptosis in Mphi by oxLDL, C2-ceramide, tumor 
necrosis factor alpha (TNF-alpha) , and hydrogen peroxide (H202) was 
associated with enhanced expression of manganese superoxide dismutase 
(MnSOD) and p53. Treatment of cells with p53 or MnSOD antisense 
oligonucleotides prior to stimulation with oxLDL, C2-ceramide, TNF-alpha, 
or H202 caused an inhibition of the expression of the respective protein 
together with a marked reduction of apoptosis . Exposure to 



N-acetylcysteine before treatment with oxLDL, C2-ceranu.de, TNF-alpha, or 
H202 reversed a decrease in cellular glutathione concentrations as well as 
the enhanced production of p53 and MnSOD mRNA and protein. In 
apoptotic macrophages of human atherosclerotic plaques, 
colocalization of MnSOD and p53 immunoreactivity was found. These results 
indicate that in oxLDL - induced apoptosis, a concomitant induction of 
p53 and MnSOD is critical, and suggest that it is at least in part due to 
an enhancement of the sphingomyelin/ceramide pathway. 
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Low-density lipoproteins (LDL) are taken up by both LDL receptor 
(LDLr) -dependent and -independent pathways. In order to determine the 
importance of these pathways in the activity of the various enzymes that 
are important in maintaining the cellular cholesterol level in hepatic 
cells, we created HepG2 cells expressing lower levels of LDLr. Thus HepG2 
cells were transfected with a constitutive expression vector (pRc/CMV) 
containing a fragment of LDLr cDNA inserted in an antisense manner. 
Stable transformants were obtained that showed significant reductions of 
42, 72 and 85% of LDLr protein levels compared with the control, as 
demonstrated by immunoblotting and confirmed by the LDL binding assay. The 
best inactivation was achieved with the construct containing the first 0.7 
kb of LDLr cDNA. Incubating the different HepG2 cell subtypes with LDL 
showed similar association of apolipoprotein B (apo B) or 
cholesteryl esters from LDL with the cells, indicating that the LDLr 
deficiency did not significantly affect LDL uptake by the cell. However, 
apoB degradation was reduced significantly by 71-82% in the most 
LDLr-def icient HepG2 cells. We also found that 

3-hydroxy-3-methylglutaryl-CoA reductase (HMGCoA red) activity is 
significantly increased by 32-35% in HepG2 cells expressing very low levels 
of LDLr that also demonstrate a significant decrease of 20% in 
acyl-CoA: cholesterol acyltransf erase (ACAT) activity. However, these 
effects are moderate compared with those observed when cells were incubated 
in lipoprotein-depleted medium, where a >900% increase in HMGCoA red 
activity and a loss of 60% of ACAT activity was observed. Thus, in HepG2 
cells, different levels of LDLr affect LDL-apoB degradation, but have 
very little effect on LDL association, HMGCoA red and ACAT activities, 
revealing that LDLr is more important in the clearance of LDL-apoB 
than in HepG2 cell cholesterol homoeostasis , a role that should be 
attributable to both LDLr -dependent and -independent pathways. 



9/3,AB/27 (Item 27 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

09529370 97277947 PMID: 9131298 

Use of gene-manipulated models to study the physiology 
transport . 

Mortimer BC; Martins I; Zeng BJ; Redgrave TG 

Department of Physiology, University of Western Australia, 
Australia . mortimer@cyllene . uwa . edu . au 



of lipid 
Nedlands , 



Clinical and experimental pharmacology & physiology (AUSTRALIA) Mar-Apr 
1997, 24 (3-4) p281-5, ISSN 0305-1870 Journal Code: DD8 
Languages : ENGLISH 
Document type: Journal Article 
Record type : Completed 

1. In vivo and in vitro gene -manipulated models were used to study the 
metabolism of chylomicron remnants. Transgenic mice expressing human 
apolipoprotein (Apo) Al or E4 , gene knockout mice deficient in 
ApoE or low density lipoprotein (LDL) receptors and 
antisense gene inhibition in HepG2 cells were used to evaluate the 
effect of gene manipulations on the metabolism of chylomicron remnants. 2. 
Mice transgenic for human ApoE4 showed accelerated clearance of 
chylomicron- like emulsions when animals were fed a low-fat diet. When 
challenged by a high-fat diet, remnant clearance in ApoE4 transgenic 
mice was delayed, as in normal or non-transgenic controls. However, unlike 
normal nontransgenic controls, in ApoE4 transgenic mice high density 
lipoprotein (HDL) -cholesterol levels remained high after high-fat 
feeding, which probably protected the animals from the development of 
atherosclerosis. In contrast, clearance of chylomicron- like lipid emulsions 
was not affected by the over-expression of human ApoAI in transgenic 
mice. 3. Gene knock-out mice deficient in ApoE or deficient in the 
LDL receptor were used to show that ApoE and LDL receptors are both 
essential for the normal, fast catabolism of chylomicron remnants by the 
liver. In the absence of the LDL receptor, an alternative ApoE 
-dependent pathway operates to clear chylomicrons from the plasma, with 
significantly delayed catabolism. 4. Antisense gene inhibition 
techniques were used to suppress the expression of syndecan, a core protein 
of heparan sulfate proteoglycan, in HepG2 cells. Remnant uptake in cells 
transfected with the antisense oligodeoxynucleotide complementary to 
a 20 nucleotide sequence upstream of the initiation site of syndecan cDNA 
markedly reduced the uptake of chylomicron remnant . 
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Cholesteryl ester transfer protein (CETP) is the enzyme that facilitates 
the transfer of cholesteryl ester from high density lipoprotein (HDL) 
to apoB- containing lipoproteins and also affects the low 
density lipoprotein metabolism. On the other hand, the liver is the 
major tissue responsible for the production of CETP (CETP mRNA) in rabbits. 
To test the hypothesis that a reduction of CETP mRNA in the liver by 
antisense oligodeoxynucleotides (ODNs) may affect the plasma 
lipoprotein cholesterol levels, we intravenously injected 
antisense ODNs against rabbit CETP coupled with asialoglycoprotein 
carrier molecules, which serve as an important method to regulate liver 
gene expression, to cholesterol -fed rabbits via their ear veins. All 
rabbits were fed a standard rabbit chow supplement with 0.1% cholesterol 
for 10 weeks before and throughout the experiment. After injecting rabbits 
with antisense ODNs, the plasma total cholesterol concentrations and 
plasma CETP activities all decreased at 24, 48, and 96 h, whereas the 
plasma HDL cholesterol concentrations increased at 48 h. A reduction in the 



hepatic CETP mRNA was also observed at 6, 24, and 48 h after the injection 
with antisense ODNs . However, in the rabbits injected with sense 
ODNs, the plasma total and HDL cholesterol concentrations and the plasma 
CETP activities did not significantly change, and the hepatic CETP mRNA did 
not change either throughout the experimental period. Although the exact 
role of CETP in the development of atherosclerosis remains to be clarified, 
these findings showed for the first time that the intravenous injection 
with antisense ODNs against CETP coupled to asialoglycoprotein 
carrier molecules targeted to the liver could thus inhibit plasma CETP 
activity and, as a result, could induce a decrease in the plasma low 
density lipoprotein and very low density lipoprotein 
cholesterol and an increase in the plasma HDL cholesterol in 
cholesterol-fed rabbits. 
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The low density lipoprotein receptor-related protein (LRP) is a 
multifunctional cell surface receptor that binds to the protease inhibitor 
alpha 2-macroglobulin (alpha 2 M) . LRP has also been identified as the 
apolipoprotein E (apoE ) receptor that mediates lipid 
metabolism. Recently it has been reported that apoE4 , one of three 
common isoforms of apoE, is a main risk factor of Alzheimer's disease 
(AD) . Moreover, all three of these proteins are reported to accumulate in 
the senile plaques in the brains of Alzheimer's patients. To understand the 
roles of LRP in the normal development of the central nervous system (CNS) 
and in the pathogenesis of AD, we studied the developmental expression and 
localization of LRP mRNA in the CNS. We used Northern blot analysis to 
investigate the developmental profile of LRP mRNA in the rat brain. LRP 
mRNA was first detected as early as in 18 -day-old embryonic rat brain and 
was continuously expressed thereafter. A particularly high level of 
expression of the mRNA was observed in the perinatal stage. We also 
determined the cellular distribution of LRP mRNA in the CNS of 20-day-old 
embryonic and 6 -week-old adult rat brains by in situ hybridization using a 
digoxigenin- labeled antisense riboprobe to LRP mRNA. In the embryonic 
rat brain, LRP mRNA was highly expressed in most of the cells, mainly 
neurons and glial cells. In the adult rat, LRP mRNA was expressed mostly in 
neurons in both the brain and the spinal cord. These results suggest that 
LRP plays crucial roles in development of the brain. 
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Apolipoprotein (apo) B is either co-translationally assembled 
into lipoproteins , or becomes associated with the membrane of the 
endoplasmic reticulum (ER) and is subsequently degraded. It has been 
proposed that apoB undergoes a novel process of translocation which 
generates cytoplasmically exposed apoB in the ER of hepatic and 
non-hepatic cells. Transmembrane forms of apoB can also be generated 
by in vitro translation (Chuck, S, L., and Lingappa, V. R. (1992) Cell 68, 
9-21), which might explain the origin of untranslocated apoB in vivo. 
Here we have investigated a protocol which generates transmembrane forms of 
apoB during in vitro translation of truncated RNA transcripts. We 
observe that apoB can become transmembrane at sites of ribosome 
pausing and be held in this configuration by persistence of tRNA on the 
peptide chains. Ribosome pausing also occurs at these same sites in the 
absence of acceptor microsomes. Transmembrane topology can be generated at 
sites of ribosome pausing in a cytosolic protein, sea urchin cyclin when 
fused to a signal sequence. Mapping of the ribosome pause sites in 
apoB and in cyclin revealed no amino acid sequence homology. Chimeric 
constructs with engineered downstream glycosylation sites showed no 
evidence that ribosome pause sequences affect translocation of transcripts 
with termination codons . Transmembrane forms of apoB and cyclin were 
not generated during translocation into the ER in transfected COS cells. 
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To investigate the role in lipoprotein metabolism of 
lipoprotein lipase (LPL) secreted by tissues, we established two cell 
lines. Fusion plasmids containing either human LPL cDNA or antisense 
LPL cDNA under control of the cytomegalovirus promoter were transfected 
into Chinese hamster ovary (CHO) cells, designated as CHO-LPL and 
CHO-anti-LPL, respectively. CHO-LPL constitutively produced a high level of 
LPL, whereas CHO-anti-LPL produced a minimal level. When very-low-density 
lipoprotein (VLDL) was incubated with CHO-LPL, VLDL triglycerides 
were hydrolyzed, intermediate-density lipoprotein (IDL) was produced, 
and apolipoprotein E contents increased. CHO-LPL took up and degraded 
125I-VLDL at 37 degrees C four times more strongly than did CHO-anti-LPL. 
Whereas the degradation of apolipoprotein E-deficient VLDL was only 
12% that of normal VLDL in CHO-LPL, structural changes of the 
lipoprotein, including apolipoprotein E expression on the 
lipoprotein surface, may be important for the cellular uptake of 
VLDL. Furthermore, we found that binding at 4 degrees C of VLDL and LDL to 
CHO-LPL was greater than to CHO-anti-LPL, and this binding difference was 
abolished by washing the cells with heparin. This suggests that cell 
surface LPL plays a role in the binding of lipoproteins to the cells. 
We conclude that both the composition of VLDL particles and their cellular 
binding are influenced by LPL secreted by cells, both of which may enhance 
the cellular uptake of VLDL. 



9/3,AB/32 (Item 32 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

07713432 93016049 PMID: 1328226 

Regulated expression of the trophoblast alpha 2 -macroglobulin 
receptor/low density lipoprotein receptor-related protein. 
Differentiation and cAMP modulate protein and mRNA levels. 

Gafvels ME; Coukos G; Sayegh R; Coutifaris C; Strickland DK; Strauss JF 

Department of Obstetrics and Gynecology, University of Pennsylvania 
School of Medicine, Philadelphia 19104. 

Journal of biological chemistry (UNITED STATES) Oct 15 1992, 267 (29) 

p21230-4, ISSN 0021-9258 Journal Code: HIV 

Contract/Grant No.: GM-42581, GM, NIGMS; HD-06274, HD, NICHD; HD-29946, 
HD, NICHD 

Languages : ENGLISH 

Document type: Journal Article 

Record type : Completed 

The alpha 2 -macroglobulin receptor/low density lipoprotein 
receptor-related protein (alpha 2MR/LRP) has several ligands including 
activated alpha 2 -macroglobulin, pregnancy zone protein, and very low 
density lipoproteins enriched with apolipoprotein E. The 
diversity of ligands suggests a role for the alpha 2MR/LRP in a variety of 
processes including tissue remodeling and lipoprotein metabolism. We 
examined alpha 2MR/LRP in placental trophoblasts , invasive cells that also 
function in lipid transport and cholesterol metabolism, alpha 2MR/LRP 
protein was localized by immunohistochemistry in the syncytiotrophoblast of 
term placenta. Cytotrophoblasts did not stain prominently, alpha 2MR/LRP 
(protein and message) in primary cultures of human trophoblast cells 
increased as cytotrophoblasts differentiated into syncytiotrophoblast. 
8-Bromo-cAMP prevented this increase and suppressed alpha 2MR/LRP 
expression. The cyclic nucleotide had similar suppressive effects on alpha 
2MR/LRP in BeWo choriocarcinoma cells. In contrast, low density 
lipoprotein receptor gene expression was increased. We conclude that: 
1) there is a differentiation-dependent pattern of alpha 2MR/LRP expression 
in the human trophoblast; 2) cAMP negatively regulates alpha 2MR/LRP; 3) 
there is an inverse relationship between alpha 2MR/LRP and low density 
lipoprotein receptor gene expression in trophoblast cells. 
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The low density lipoprotein receptor and one of its ligands, 
apoprotein E, are known to be synthesized in the central nervous 
system. In the current study, we used in situ hybridization to localize the 
receptor mRNA in selected neurons and glia throughout the nervous system of 
9-day-old rabbits. Particularly high levels were found in sensory ganglia, 
sensory nuclei, and motor-related nuclei. The same regions contained high 
levels of mRNA for 3 -hydroxy-3 -methylglutaryl -coenzyme A synthase, a 
regulated enzyme in cholesterol biosynthesis. The distribution of low 



density lipoprotein receptor mRNA was similar in mature and immature 
rabbits. The data suggest that certain cells in the nervous system have 
high requirements for cholesterol, which they satisfy through cholesterol 
synthesis and through receptor-mediated uptake of cholesterol-carrying 
lipoproteins. The latter originate in astrocytes which synthesize and 
secrete apoprotein E. These data suggest that the nervous system of 
mammals contains an active system for continuous redistribution and 
recycling of cholesterol that is physically distinct from the 
lipoprotein transport system in plasma. 
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ABSTRACT: Tissue factor (TF) is a transmembrane glycoprotein responsible 
for initiating the extrinsic pathway of coagulation in normal hemostasis 
and in atherosclerotic diseases. Tissue factor pathway inhibitor (TFP1) 
is a potent inhibitor of TF-induced coagulation and may play a role in 
regulating coagulation in atherosclerotic plaque. In the present study, 
we investigated TF and TFPI mRNA expression in the lung and kidney of 
genetically modified hyperlipidemic mice compared to wild-type (C57BL6) 
mice. Radiolabeled antisense RNA probes were used to study TF and 
TFPI mRNA expression. 18S ribosomal RNA was employed to control for 
ubiquitous RNA. The study revealed that TF mRNA expression significantly 
increased in the lung (+50%; P < 0.05) but slightly decreased in the 
kidney (-24%; P < 0.05) of Apo-E -/- mice. The changes in TF mRNA 
expression were accompanied by correlative changes in TFPI mRNA 
expression in the lung and kidney of Apo-E -/- mice. However, TF 
mRNA expression in the lung of LDL receptor -/- mice decreased (-28%; P < 
0.05) while TFPI mRNA levels were increased (+57%; P < 0.01). TFPI mRNA 
expression in the kidney of LDL receptor -/- mice decreased (-39 %; P < 
0.05) although TF mRNA expression did not change significantly. These 
results indicate TF and TFPI mRNA expression is altered compared to the 
wild-type mouse in the lung and kidney of hyperlipidemic Apo-E and 
LDL receptor -/- mice by different mechanisms. The absence of Apo-E 
in Apo-E -/- mice but not in LDL receptor -/- mice may explain 
these differences between the two mouse strains. 
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ABSTRACT: The recombinant DNA molecules containing potentially expressing 
human apoA-I antisense gene were constructed and injected 
into the rabbit zygotes. Dot-blot hybridization techniques as well as 
lipid and lipoprotein analyses methods were used to reveal 
transgenic animals . It was found that DNAs of several rabbits contained 
up to 40 copies of molecules of foreign DNA per genome. It was 
interesting that the patterns of serum lipid and lipoprotein 
metabolism of transgenic animals were shifted to atherogenic phenotype. 
In one case the expression of the antisense gene was able to 
suppress the synthesis of high-density lipoproteins. In two other 
cases the expression of this gene as appeared was correlated with a 
decrease of . alpha . -lipoprotein cholesterol level. In all the cases 
serum cholesterol and (or) triglyceride levels increased as well. Thus, 
the obtained transgenic rabbits may serve as a model to study and 
genetically correct atherogenic disturbances of lipid metabolism. 
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